To better define seizure characteristics and to examine whether semiological seizure classification (SSC) can be appropriately applied to the seizures of infants and children, we studied 152 videotaped seizures recorded in 133 children. Seizure semiology was described on the basis of a series of behavioural, sensory, and motor phenomena according to SSC. Special emphasis was placed on whether one semiology can be representative of a patient's whole semiology sequence. If one semiology was able to represent the whole sequence, the seizure was classified according to SSC. Ninety of 152 seizures (59.2%) could be classified as a single seizure type by SSC. However, only 19 of 53 seizures (35.9%) consisting of two semiologies, three of 24 seizures (12.5%) consisting of three semiologies, and one of eight seizures (12.5%) consisting of four semiologies could be classified according to SSC. Although SSC is very efficient, it is more accurately a descriptive terminology for clinical ictal events than a classification system.
INTRODUCTION
The current international classification of epileptic seizures (ICES) proposed by the international league against epilepsy (ILAE) 1 in 1981 is based on interictal and ictal electroencephalogram (EEG) findings, as well as on the semiology of clinical seizures. Although the classification has proved to be very valuable clinically, it is clear that it is insufficient for specific applications such as precise pre-surgical localization of ictal onset, or the description of paediatric epileptic seizures in which seizure semiology is more subtle and therefore difficult to characterize 2 . Because it is a classification of electro-clinical rather than clinical phenomena, it cannot describe all the manifestations of the seizure. Recently, several authors have discussed this point, and Lüders et al. 3, 4 proposed an epileptic seizure classification based exclusively on ictal semiology. However, limited data are available on the clinical application of the semiological seizure classification (SSC) system, especially in infants and children 5 . To better define seizure characteristics and to examine whether SSC can be appropriately applied to the seizures of infants and children, we studied videotaped seizures recorded in infants and children at our hospital.
MATERIALS AND METHODS

Patients
One hundred and thirty-three patients who experienced clinical seizures during prolonged video-EEG monitoring at Seoul National University Children's Hospital from 1995 to 1999 were included in this study. The patients were aged from 1 month to 17 years old (mean 7.7 years). Seventy-eight patients were boys and 55 were girls.
Methods
Ictal video-EEG monitoring was performed using the Telefactor Beehive system (Telefactor, Philadelphia, PA). Scalp electrodes were placed according to the international 10-20 system. Trained EEG technicians examined the patients during seizures to determine their level of consciousness or responsiveness to external stimuli.
Videotapes were first reviewed by an investigator (K. J. K.) blinded to patients' histories, neuroimaging findings, and interictal and ictal EEG data, and then by another investigator (Y. S. H.) partially unblinded because of clinical involvement with the patients. Investigators were not blinded to each other. Seizure semiology was described on the basis of a series of behavioural, sensory, and motor phenomena according to the SSC system proposed by Lüders et al. 3 The evolution of seizure symptomatology was carefully expressed as a progression from one semiology to another. However, unlike SSC, we defined semiology as one component of a seizure. That is, a seizure consists of one semiology or two or more semiologies. Furthermore, we particularly investigated whether one semiology could represent a patient's whole semiological sequence. If one semiology could represent the whole sequence, the seizure was classified according to the SSC. One hundred and fifty-two types of seizure were identified after reviewing videotaped seizures. After analysing the semiologies, ictal EEG findings were compared with some of them to identify whether or not those semiologies were electroencephalographically localized.
RESULTS
Of the 133 patients, 114 had only one type of seizure, and 19 had two different seizure types. Of the 152 different types of seizure, 67 consisted of only one semiology. Of the remainder, 53 seizures displayed two semiologies, 24 seizures displayed three semiologies, and eight seizures displayed four semiologies.
Each semiology is summarized in Table 1 . Twentyfour seizures showed auras (15.8%): somatosensory in six (3.9%), abdominal in two (1.3%), visual in two (1.3%), psychic in eight (5.3%), and non-specific in six (3.9%) seizures. All auras occurred prior to other semiologies. Dialeptic semiology was noted in 54 seizures (35.5%): 39 (72.2%) occurred at ictal onset, and 14 (25.9%) followed aura as a second semiology. Simple motor semiologies were noted in 132 seizures (86.8%): 11 myoclonic, two epileptic spasms, 26 tonic-clonic, 33 tonic, 31 clonic, and 29 versive. All myoclonic (100%), 16 of 33 tonic (48.5%), and 14 of 31 clonic (45.2%) semiologies appeared at ictal onset, whereas only four of 26 tonic-clonic (15.4%) and eight of 29 versive (27.6%) semiologies occurred as the initial semiology. Complex motor semiologies were found in 46 seizures (30.3%): 24 hypermotor and 22 automotor. Thirteen of 24 (54.2%) hypermotor semiologies appeared at ictal onset. Only four of 22 (18.2%) automotor semiologies appeared initially. There were five atonic (3.3 %) and 16 hypomotor (10.5%) semiologies. All atonic semiologies occurred alone. Thirteen of 16 (81.3%) hypomotor semiologies occurred at ictal onset, and nine of those 13 occurred alone. 
DISCUSSION
It is hard to overestimate the importance of seizure semiology. Recently, with advances in epilepsy surgery, semiology has been regarded as an important factor in pre-surgical evaluation. For example, semiological findings could lateralize 46.2% of seizures and 78.0% of patients with temporal lobe epilepsy 6 . Nordli et al. 7 have shown that seizures cannot be reliably classified by current ICES, especially in infants and young children. They also proposed a new classification scheme based solely on semiology, and concluded that their classification was more reliable than the ICES system. In this study, 114 patients had a single type of seizure, and only 19 patients showed two types of seizure. Most of our patients underwent long-term video-EEG monitoring as part of pre-surgical evaluation, and only a few patients had multiple seizure types. For this reason, in particular, few patients had primary generalized seizures. The sequences of ictal semiology were diverse, and 85 of 152 seizures (55.9%) showed two or more semiologies in a single seizure. That is, more than half of the seizures exhibited seizure evolution or involved different systems. As Lüders et al. 8 have remarked, ICES is insufficiently phenomenological, so seizure progression is inadequately specified. In contrast, because SSC is based entirely on what is observed during the ictal event, it can describe concurrent or sequential ictal phenomena very efficiently.
Although older children felt and could express auras, 25% (6/24) in this study could not specify their auras. All but one aura were accompanied by localized ictal EEG findings. The concept of dialeptic seizure is unique in the SSC system. Dialeptic seizures are characterized by an alteration of consciousness as the main ictal manifestation [2] [3] [4] . Alteration of consciousness is difficult to document in infants and young children, and is usually defined as unresponsiveness or decreased responsiveness that is not caused by motor alteration. Typical dialeptic seizures consist of brief episodes of altered consciousness that begin and end abruptly. Those are most frequently seen in generalized absence epilepsy. Fifty-four seizures showed dialeptic semiology, and 72.2% (39/54) of them appeared at ictal onset. Twelve of them, including six seizures with typical dialeptic semiology, occurred alone. Most seizures with dialeptic semiology produced localized ictal EEG findings (data not shown), although two seizures with typical dialeptic semiologies showed generalized rhythmic spikes and wave discharges. Those two patients had normal interictal EEG, and had been treated as if experiencing complex partial seizures. This exemplifies the criticism that the current ICES depends too much on EEG abnormalities 8 .
Simple motor seizures in SSC have very similar semiology to those in ICES, except epileptic spasms and versive semiology. A total of 29 seizures showed versive semiology, and 72.4% (21/29) of them appeared following other semiologies. When versive semiology appeared as an ictal onset symptom, only half of them (4/8) showed localized ictal EEG. However, when versive semiology occurred during the seizures, 85.7% (18/21) of them were accompanied by localized EEG findings. As Hamer et al. 5 discussed, interpretation of versive semiology is challenging. Although versive semiology was noted in 29 seizures, only three of these could be classified as versive seizures by SSC. Unilateral tonic or clonic semiologies occurred at the beginning of or during the seizure, and most of them were accompanied by localized ictal EEG, as reported by Marks et al. 9 Complex motor seizures are a new concept in SSC. Hypermotor seizures consist of complex movements involving the proximal parts of extremities and trunk [2] [3] [4] . These movements resemble natural movements, but appear violent, inappropriate and purposeless. Automotor seizures are seizures in which the main manifestations consist of automatisms involving the hands, feet or the mouth and tongue [2] [3] [4] . Hypermotor semiology appeared at the onset of or during the seizures. Automotor semiology, however, usually followed aura or dialeptic semiology. Only 18.2% (4/22) of these seizures appeared as an ictal onset symptom, and two of these occurred alone.
Among the special seizures, hypomotor seizure is another new concept in SSC. Hypomotor seizures are characterized by decrease or absence of motor activity. As Lüders et al. 3 suggested, this semiology is used exclusively in patients in whom it is not possible to test consciousness during or after the seizures, such as infants or young children. Nine of 16 (56.3%) hypomotor semiologies occurred alone, and could be classified as hypomotor seizure. As in the study of Acharya et al. 10 , automatisms were not a prominent feature of hypomotor seizures in children. In four seizures (25%), hypomotor semiology was followed by motor semiologies. All hypomotor seizures showed localized ictal EEG.
In this study, we were particularly interested in whether all seizures could be classified by SSC. We were able to describe all ictal features with SSC. However, not all seizures could be classified by SSC. For example, in a patient with typical temporal lobe epilepsy, a habitual seizure sequence is as follows: aura → dialeptic → automotor → versive. If the four semiologies appear equally distinctive, it is difficult to representatively classify the series into one seizure type by SSC. Therefore, seizures with multiple concurrent or sequential semiologies can be described well with SSC, but cannot be easily classified into a single seizure type. In this study, only 19 of 53 (35.9%) seizures with two semiologies, three of 24 (12.5%) seizures consisting of three semiologies, and one of eight (12.5%) with four semiologies could be classified according to the SSC. The other seizures consisting of multiple semiologies though sequentially described well were, however, unable to be representatively classified into a single seizure type.
CONCLUSIONS
We agree with Parra et al. 11 in that SSC provides more comprehensive features of epileptic seizures than current ICES, especially in localized epilepsies. However, as Engel 12 commented, although SSC is very efficient, it is more like a system of descriptive terminology for clinical ictal events than a classification system, since SSC appears to be designed for lateralization and localization of the epileptogenic region.
